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NEW DEVELOPMENTS IN ANABIOSIS

I. V. Smirnov,
Cand Biological Sci

/:Eltboug;’tl the author emphasizes the economic aspects of the ap-
pli‘fation of deep~freezing techniques in the breeding of animals,
the methods he developed may prove to be of equal importance in other
fields, such as bacteriology, conservation of tissues for implanta-
tion, etc,.,

Atout 50 years ago, the prominent Russian scientist P. N. Bakhmet'ev began
bis ramous studies of amebicsis on Insecis. After chilling butterflies to tem-
peratures of @ few degrees bvelow freezing, he established that the insects,
cumbed by the cold, and apparently lifeless, revived upon warming. Bakhmet'ev
was convipced that all ligquid in the organism freezes at a temperature of -5°C
o «10°¢, and thus, as it seemed to him, completely stops the metabolism. He
therefore conciuded that a definite reviving of dead insects had taken place.
As 2 matter of fact, their return to life was from & speciel anabiotic condi-
tion, by which all life processes are suspended, but in which, as distinguished
from death, the capacity for restoration to life is preserved. This condition
can best be expressed by the phrase "Neither 1ife nor death."

The ides of ansbiosie as & temporary bub complete cessation of life allowed
Pakhmet'ev to set fantastic tasks before biological science. As & matter of
fact, if life were helted, the slow wear and tear, the aging of the organisms
which goes on all through life, would also cease. It would mean that it 1s pos-
sible to lengthen the life of animals and even of man for an indefinitely long
time; he need only be brought into the anabiotic state and kept there for many
years (Bakhmet'ev wrote "the required number of years" ).
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Axwbast ey oonp i5 aroused lively interest, not only among scien-
~ific speeiarizts, tvt also among wide circles of the general public. An in-
inn of this interest was, among other things, the appearance of a number -
Lmnceefiction stories, whose hero hed "frozen,"” i.e., fallen into the
suabintie state for hundreds or thousands of years, to emerge into the world
of the future after his swakening. '

from the very beginning, Bakhmet'ev imparted practical purposes to his
investiganion. 3 was interested, above all, in the possibility of practical
.stion of anabiosis in medicine, agriculture, and the refrigeration in-
;. In 1923, the year of his death, he planned to conduct experiments
pabs on the treatment of tuberculosis by cold. He even dreamed of the
. of ansbiosis for pressvving livestock during winter fodder shortages.

Tre work of the Soviet scientists I. N, Kalebukhov, I. L. Sakharov, L. K.
{ozinaclopinekiy, &nd others introduced substantial changes in Bakhmet'ev's
ihesry of ansbiesls. It was shown that at such comparatively high tempera-
T us 5 Or even 10° below zero by far not all the water in the body of
nnimals [reezes, and that fairly noticeable metabolism takes place. Conse-
quentiy, one should ot speak of a complete absence of life. On the other
hard, 1. N. Kelabukhov's investigations showed that bats did not revive after
raving been actually completely frozen. The experiments of L. K. Lozina-

insiy, who froze corne-moth caterpillars to the extremely low temperature
1, established that anabiosis represents a sharp depression of all

{= processes, After thawing, the caterpillars revived.

£

The term anebiosis, implying a new kind of state of the organism -- be=-
tweern life and death -- ls not always correctly applied. Since there cannot
ne any completely static matter, there cannot be any state of suspended life.

e basic idea of Bekhmet'ev's theory, &s we shall see later, has proved
o be oost fruitfuls  the use of low temperature for increasing the life sp. =
tanisms mnd cells. Low temperature greatly lowers the level of the life
-eza2s going on in the organism, thus delaying its aging, and moving back
eoment, of inevitable death, :

awwsver, carrylng out this idea in practice has not turned out so easy
Ae @i} thet., The majority of animals {those generally called warm-blooded
:) cannot withstapd chilling and frequently perish from i%. If the
ture during chilling does not drop lower than the freezing point of
the protoplasm, then death occurs as a result of the disarrangement of life
activity proceases caused by the fact that individual processes, at reduced
tegperatures, 4o not glow dodn at the same rete. On deeper cooling, the water
1y the protoplssm and in the various body fluids begins to freeze. The removal
of water from the protsins of the protoplasm brings about their coagulation and,
zs o result, the organism perishes. Tn addition, mechanical damage to the pro-

toplasn caused by crystalline ice in it can also play a great role.

5, Bakhmet'sv's dreem of the possibility of freezing and reviving large
firm apimals remaing unfeasible for the present. It should be stated that with °
the vistory of the collective structure of agriculture in our country, the ques=-
tion of preserving livestock during the winter has lost its former importance;
fudar shortage, the scourge of animal husbendry in Tsarist Russia, has become

a thing of the past.

Thus

: Hevertheless, Bakhmet'ev's theory has found brilliant use in socialist
animal nusbendry, although in an entirely different form from that he imagined.
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Already at *the end of the past century, Bakhmet’ev's contemporary, the
welloknown Russian scientist I. I. I[vanov, established a method for artifi-
cially inseminating farm animals. Under the conditions of Tsarist Russia, ;
the method could not develop properly. The rebirth of the method of artifi=- !
cial insemination did not take place until the Soviet era. Worked out in de-
tail and developed by a group of Soviet scientists led by V. K. Milovanov,
this method was transformed into a powerful mesns for improving the quality
of socialist cattle breeding, making it possible to obtain from prize rams,
bulls, and stallions several times more offspring than by normal mating. |

The first investigators in the field of artificial insemination assumed
that the sperm should be kept el the same temperature as that of the animal
{about 40°C) up to the moment the female is inseminated. However, it was
quickly established that the spermatozoa can withstand much lower tempera-
tures, down to O°C, without i1l effects and that it is possible only at pre-
cisely those temperetures (in full agreement with Bukhmat’ev's views) to keep
them for a long time outside the body. Increased temperature speeds up the
metabolism, and thus the spermatozoa use up their resources quickly; they age
and deteriorate, and finsliy die.

The method of keeping livestock sperm at temperatures of 0°C, as developed
by Soviet acientists, allows keeping the sperm cells alive outside the body for
a period of several weeks. However, after a few days, the sperms, while retaln-
ing their ability to move lively, lose their abilizy to fertilize egg cells.

The reason for this has not yet been explained. but obviously at a temperature
of 0° appreciable life processes still take piace in the sperm cells, leading
to the accumulation of dissimdlation products and thus to the gradual self-
poisoning of the spermatozoa. '

The rate of metabolism processes can be slowed down by greatly reducing
the temperatures. But a new difficulty crops up here: at a temperature of
«0.6°C, crystalline freezing of the sperm fluids gets in, and the spermatozoa
die. It is true that the cooling of sperm fluids to several degrees below zero
is sometimes successful, but if the temperature is lowered further, the sperm

will freeze.

At the same time, it has been known for a long time that some biological
orgenisms surprisingly resist cold. At first glance, these facts are a complete
contradiction of whal has been stated above about the freezing of organisms.

The seeds of plants, microscopic animals, Rotifera, Tardigrada, and Nematoda,
and also many bacteria can withstand immersion in liquid oxygen {-183°C), liquid
nitrogen (+196°C), and even in liquid helium {approximately ~270°C) without los-
ing their ability to revive when reheated. It is essential to recall that simi-
lar experiments interested I. V. Michurin. TIn 1915, he wrote: "There is one
great regrettable defect in all these experiments, nemely, the fact that the ef-
fect of such low temperatures on plants growing from seeds subjected to these
experiments has remained unknown to us. The fact that the life of the seed is
preserved does not serve as an indication that it will not suffer the loss of
some of its other properties." Until now, this highly important and profound
remark has unfortunately not been taken into account by researchers studying

the effect of low temperatures on life phenomena,

The spermatozoa of frogs and roosters show an amazing resistance to cold.
They are able t¢ withstand the temperatures of liquefied gases (under condi-
tions of preliminary treatment, consisting of partial dehydration of the cells).
However, rooster spermatozoa will die if frozen at temperatures much below -6°C.

To explain this paradoxicel phencmenon; the hypothesis of the so=called

vitrifaction of the protoplasm was advanced. This hypothesis, based on the
physics investigations of Professcr G. A, Tanman, is outlined below, ,
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telline (which, as we have sezen, is the reason for the damage to the cell pro-
toplasm). BEut under certain conditions, water {or protoplasm, which always
contains a large percentage of vater) can freeze without the formation of crys-

tals, forming an amorphcus vitreous mass i

i
Tn ordinary freezing, water goes from the liquid state to the solid crys« ;
!

The crystallization proce:s takes place at very great speed and within a
comparatively narrow temperature ringe, immediately around the freezing point
of the liquid. When the temperature 1is lowered several tens of degrees below
the freezing point, the crystzllization rate drops nearly to zero. This cir-
cumstance is decisive for the auccessful vitrifaction of liguids. To avoid
crystalline freezing, a small volume of liquid ha:s to be frozen at maximum
speed. By this method, it is possible to jump over the dangerous temperature
zone in which the processes of crystaliization proceed at a high rate of speed,
and to reach the zone of vitrifaction safely.

Pure water in the vitreous state can be obtained only with great diffi-
culty. Thus, the more dehydrated an cbject iz, the easier it 1s to vitrify it.

In the light of the above statements, it becomes understandable why rooster
sperms, for example, can withstand the tempersture of liquid hydrogen, but will
die at -6°C. Obviously, in the first case, the protoplasm vitrifies as a re-
sult of the rapid conling, and does nol form ice crystals. Desiccated Tardi-
grada or plant seed:z can withstand ‘ow temperatures because of thelr low con-
tent of water that can undergo crystalline freezing.

In several studies {Graevskiy, Lay%t, and others), based on the vitrifac-
tion of the protoplasm, various small tiological organisms were subjected to
deep freezing by immersion in iiguid air, 1i3uid nitrogen, and other liquefied
gases. The experiments with spermatozoa of frogs and roosters were the most
successful. As already stated, these spermatozoa can withstand deep freezing,
after preliminary dehydration by strong sa)t and sugar solutions. Nevertheless,
the recovery of motion by the spermatozoa can in no case be construed as an ine-
dication that they haws kept their fertilizing ability. Attempts by American
researchers to obtain of fspring from ihe iusemination of femeles with frozen
sperm have been unsuccessful. Tt ig true that, in one case, by the insemina-
tion of hens with sperm kept at e tegperature of - 789 for one hour, some fer-
tilized eggs were obtained, but the embryo:s died after 10-15 h of development.
Thus, this experimeant also @id not #ptablish that sperms which had withstood
cooling to -78°7 remein physiologirally perfect.

As for the spermatozos of domestic mammals, they did not withstand deep
freezing in any experiment and died complately.

In 1947, the author began cxperiments on the deep freezing of the sperm
or rams, bulls, stallions, and rabbits. '

After long unsuccessful attewpts {at which time it was estahlished that
the deep-freezing methods suggested by American authors were unsuitable), &
method was Tinally found by which 2 portion of rgbbit spermatozoa could be
made to withstand cooling tc temperatures of u78°C {the temperature of dry
ice), -183°C (liquid oxygen), and ~196°C (1liquid nitrogen). To be sure, in
this case, from 7O to 90 percent of the spermatozoa died at the moment of
cooling, but, on the other hand, the remainder could be kept in the refriger-
ated store for a long period {22 days), and the percentage of surviving sperma-
tozoa upon rewarming was maintained at one and the same level, regardless of
the length of storage. {Thisz refers to liquid oxygen; keeping them in dry ice
for prolonged periods results in a slight lowering of the percentage of survive

ing spermatozoa.)
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he exploratory experiments showed the eszential practicability of this
method in the cooling and thewing of sperm of bulls, stallions, and reams. The
resuits of the experiments confirmed the general correctness of the vitriface
tion hypothesis: The spsrmatozoa withstood deep freezing to temperatures of
~78°% and -196°C, but all of them died at much higher temperatures {~15°C and
wZOOC)) demonstrating that crystalline freezing of the protoplesm obviously
took place in the second case.

An important and interesting question had to be decided: Do the sperma-~
tozos retain their fertilizing ability subsequent to cooling? To decide this
question, an experiment wag caerried out on rabbits (five males and 36 females
of warious breeds) To exclude all doubts about the authenticity of the re-
sults obtained, various precautions were tfaken. The fertile female rabbits
were kept in irdividual cages in a specisl room, while the male rabbits were
kept in another building. The researcher himself carried out the insemination
of the female rabbits, and he was the only one who knew the breed and the num-
ber of the male rabbit with whose refrigerated sperms he had inseminated a cer-
tain female rebbit. The use in the experiment of rabbits of different color and
length of fur facilitsted the control of the experiment and at the same time ex-
cluded the possibility of cbjections that after refrigeration the spermatozos
can lose the ability to transmit the characteristics of the father. Thue, in
the insemination of white long-haired Angora female rabbits with the sperm of
a chort-haired male rabbit the color of a grey hare, short-haired rabbits with
exactly the same color of fur as their father's and resembling him in build

were obtalned.

Several female rabbits were inseminated two or three times in the course
of the experiment {i.e., they were used in several successive series of experi-

ments).

The appended table shows that the percentage of fertilization is fairly
high {if the unusual conditions of the experiment are taken into consideration)
and that it does not become lower as the length of time the sperm is stored is
increased. The fourth series of experiments is an exception; the poor quality
(dirtiness) of the dry ice used in this series might be the reason for the in-
ferior results. It is not impossible that at such comparatively high tempera-
tures ag 07800, slow racrystallization of the vitrified solidified protoplasm
of the spermatozoa, i.e., & change from the vitreous to the crystalline state

might have taken place. 1

The rabbits obtained showed no noticeable deviation from the normel in

: build, color, length of fur, dynamics of growth, and of the time in which they
reached sexual maturity. They wers observed for 4.6 months of growth, and in
some cases, for & year and a half. Some of the young male rabbits were latexr
mated with young female rabbits. The offspring were completely normsl. Up to
now, some of the rabbits have produced three to four litters. In one case, &
unique second "refrigerated” generation was obtained: one of the young female
rabbits, obtained from insemination with refrigerated sperm, was again impreg-
nated with refrigerated sperm, and produced normal offspring.

The obtaining of these offepring is the best proof the full physiological
worth of the sperm cells which remained alive after refrigeration.

! One might ask what keeps the strong temperature effect exerted on the sex
cells from having any noticeable influence on the quality of the offspring. Is
this not in contradiction to the teachings of Michurin on the decisive influence
of the environment on “he inherited properties of the organism?

The best answer to this question is given by T. D. Lysenko in his On the
Situation in Biological Science, 1948; “"The reason for the change of the na-
ture of 1living bodies is the variation in the type of assimiletion, in the type
of metabolism. Know how to change the type of metsbolism of the living body,

and you will change the heredity.”
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We used a method of extremely fast, almost instantaneous cooling, which
led to such a low level of the metabolism processes that a change in the type
of metabolism became unlikely At the temperature of liquid oxygen, the life
processes in the sperm which has been iransformed into a piece of very solid
ice are slowed down to suck a degree that it is difficult to discover them.
From that viewpoint, one must expect much greater hereditary changes as & Te-
sult of storing sperm cells at much higher temperatures, such as +20°C, +0°C,
and OOC, where the conditions of the envlronment are changed as compared to
tLe usual, and where the life processes take place at a rather high level, 8o
that they might lead to a change in the type of metabolism.

The results of our experiments are a new refutation of the pseudoscientific
views of the Morganist geneticists who consider the effect of low temperatures,
togzther with X-rays, one of the methods for bringing about so-called mutations
(clear hereditary changes of organizms} As was to be expected, we did not ob-

tain any such mutations at all.

Thus, the data given show for the first time the possibility of fertilize-
tion and of obtaining normal offspring by means of spermatozoa which have rew
mained for a long time at temperatures of liquid oxygen and of dry ice. Obvie
ously, our work is only the first step in this field and requires further study.

At present, it is too early to speak about quick application of the new
method of storing sperm of farm animals. However, it is necessary to mention
some prospects for ths future.

Lengthening of the periods of storage of the sperm (these periods may in
all likelihood be very long, many months or even years) and lengthening of the
period of retention of fertilizing ability of the apermatozoa, which is also
likely, open new possibilities for our agriculture. In a recent report, Acad-
emician T. D. Lysenko placed before Soviet science the problem of lengthening
the time of use of the most valuable breeding stock, which is a golden fund for
the improvement of socialist animal husbandry. The method described ahove might
be a brilliant solution to this problem. We even visualize the fantastic possi-
bility of obtaining offspring from rams or bulls long dead, whose sperm cells
have retained “heir fertilizing ability while lying for months in liquid oxygen
or nitrogen.

The method given here can be of great impcrtence toward transporting sperms
over great distances.

In conclusion, it is necesssry to dispel the reader's doubt concerning the
expense incurred in storing sperms at extremely low temperatures. Liquid oxygen
and dry ice, produced by our industry on a large scale, are available at com-
paratively low cost, 5o that the expenses involved in storing sperms would not
be excessive,

Results of Imsemination

Percent
of
Series Per of Females Females No of __Of These:
. of - - Storage Insemi~ No of Having Young Stille
Expt - Refrigerant of Sperm nated Litters Litters Born Alive born
1 Liquid Op 10 min to 33 22 66.7 10k 96 8
. 42 hr
2 Liquid Op 1415 de 14 9 64,3 46 38 8
3 Solid COp Approx 5 5 100.0 16 16 -
21 da
4 Solid COp 31-32 da 9 3 33.3 8 T 1
Total 61 39 - 17h 157 7
Average . w 66.1 we o we
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